Background: Melanoma is one of the most aggressive cancers, and it is estimated that 76,250 men and women will be diagnosed with melanoma of the skin in the USA in 2012. Over the last few decades many drugs have been developed but only in 2011 have new drugs demonstrated an impact on survival in metastatic melanoma.
Introduction
Malignant melanoma is a tumour that arises from melanocytes or from cells that develop from melanocytes. In 2010, approximately 68,130 new cases of melanoma were diagnosed, of which 8700 patients (approximately 12.8%) died of this disease in the United States [1] . In 2012, it is estimated that 76,250 men and women (44,250 men and 32,000 women) will be diagnosed with melanoma of the skin and 9180 men and women will die from it in the USA [2] . From 2005-2009 the median age of diagnosis was 61 years [2] .
Melanomas may develop in a pre-existing lesion or in healthy-appearing skin. Lesions like common acquired nevus, dysplastic nevus, congenital nevus and cellular blue nevus can be precursors of melanoma. Approximately 5-10% of melanomas are hereditary and of these 20-40% are associated with a pathogenic mutation in the cyclin-dependent kinase inhibitor 2A p16 (CDKN2A/p16) [3, 4] . In fact, individuals at highest known risk for the development of melanoma are those who carry a CDKN2A/p16 mutation [5] . However, there are other genes implicated in the development of melanoma, such as cyclin-dependent kinase 4 (CDK4), retinoblastoma protein-1 (RB1), cyclin-dependent kinase inhibitor 2A p19 (CDKN2A/p19), phosphatase and tensin homologue deleted on chromosome 10 (PTEN) and rat sarcoma (RAS).
Risk factors for melanoma include: (i) ultraviolet radiation -ultraviolet A (UVA) and ultraviolet B (UVB) [6] ; (ii) acute, intense and intermittent sunburns (especially on areas of the body that only occasionally receive sun exposure); (iii) changing mole, dysplastic nevi in familial melanoma, more than 50 nevi (2 mm or greater in diameter), one family member with melanoma, previous history of melanoma, sporadic dysplastic nevi, congenital nevus, immunosuppression, sun sensitivity and freckling. Individuals with an inability to tan and with skin that sunburns easily, have a greater risk of developing melanoma [7] .
In particular, metastasised melanoma has a poor prognosis, with a five-year survival rate of 15.1% [2] . The prognosis is worse when the tumour has disseminated to distant sites and visceral organs, with a median survival time of only 6-9 months and a 3-year survival rate of only 10-15% [8] . In a meta-analysis of 42 Phase II trials in advanced melanoma (2100 patients treated between 1975 and 2005), the median
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Chemotherapy

Dacarbazine
Dacarbazine is an alkylating agent approved by the United States Food and Drug Administration (FDA) for the treatment of melanoma. Dacarbazine is one of the most effective chemotherapy agents for metastatic melanoma. Using dacarbazine as a single agent, Serrone et al. reported an approximately 20% objective response rate, with a median response duration of 5-6 months and complete response rate of 5% [10] . Middleton et al. reported a 6.4-month median survival time in a randomised Phase III study of patients treated with dacarbazine (intent-to-treat population) [11] . In a pooled analysis of 23 randomised, controlled trials, Lui et al. showed that the objective response rate for 1390 patients receiving dacarbazine monotherapy ranged between 5.3% and 28% (average 15.3%), concluding that treatment generally results in poor outcomes [12] . In patients treated with dacarbazine monotherapy, a long-term sustained complete response occurs in 1-2% of patients and fewer than 2% of patients are alive at 6 years [13] . However, Coates et al. showed that a small group of patients, with metastases to the lungs, good performance status and normal blood lactate dehydrogenase enzyme levels, can achieve long-term disease control with a good quality of life, and some of them may even achieve complete remission with a potential to cure [14] .
Although it has low activity as monotherapy, dacarbazine has remained the basis for many combination chemotherapy regimens [15] , including cisplatin, nitrosoureas and tubular toxins. Bottoni et al. reported complete remission of brain metastasis in three patients with Stage 4 melanoma treated with bleomycin, vincristine, lomustine and dacarbazine (BOLD). Six of the eight patients achieved clinical benefit and median survival was 12.5 months [16] . In a multicentre Phase III randomised trial using cisplatin, vinblastine and dacarbazine (CVD), Bajetta et al. observed a response rate of 21% that was increased to 33% by the addition of interleukin-2 (IL-2) and interferon-alfa (IFN-α)-2b [17] . However, a CVD regimen does not have clear survival benefits compared with best supportive care alone in patients with advanced metastatic melanoma [18] . Both BOLD and CVD regimens have induced responses by metastatic lesions in the liver, bone and brain that are commonly unresponsive to dacarbazine alone, even though they have had no impact on patient survival [10] . In a Phase II randomised study, Chiarion Sileni et al. showed that the four-drug combination dacarbazine, carmustine, cisplatin and tamoxifen (DBDT regimen) achieved an overall response rate of 26% compared with an overall response rate of 5% when using dacarbazine monotherapy [19] . The median PFS and the median survival were 4 and 9 months, respectively, for the DBDT regimen, and 2 and 7 months, respectively, for dacarbazine alone. However, this combination therapy increases toxicity with limited impact on OS [19] . Combining the DBDT regimen with low-dose IL-2 is reported to increase response rate to 32.5%, median PFS to 6.2 months and median OS to 11.3 months [20] .
Intravenous (IV) dacarbazine can be administered at a dose of 2 to 4.5 mg/kg for 10 days, with doses repeated every 4 weeks, or 250 mg/m 2 for 1 to 5 days, with doses repeated every 3 weeks. Common adverse effects include nausea, vomiting, leucopenia and thrombocytopenia, although other toxicities may occur.
Temozolomide
Temozolomide is an alkylating agent related to dacarbazine. It is an orally formulated prodrug of dacarbazine, with excellent oral bioavailability. Temozolomide has been shown to penetrate the brain, representing an alternative to dacarbazine against central nervous system metastases [21] .
Middleton et al. reported a median survival time of 7.7 months for patients treated with temozolomide in a randomised Phase III study. The median PFS time was significantly longer in the temozolomide-treated group compared with the dacarbazine-treated group [11] , although the difference between the two treatment groups was not statistically significant (HR 1.18; 95% CI: 0.92-1. 52; p=0.20) . Reporting another randomised Phase III trial, Kaufmann et al. showed a higher response rate for temozolomide combined with IFN-α-2b than for single-agent temozolomide (24 vs 13%). The median OS was 9.7 months for the temozolomide plus IFN-α-2b group and 8.4 months for the temozolomide group [22] . In a systematic review, the response rates for temozolomide in nine single-arm Phase I or II trials ranged from 0 to 29%, with complete responses observed in 0 to 17% of the patients. The median OS ranged from 3.2 to 13.1 months [23] . In the last few years new associations have been made, with Clark et al. reporting a 6-month PFS of 15%, a 1-year OS of 35% and a response rate of 13% in a Phase II trial combining temozolomide with thalidomide [24] .
For the characteristics described above, temozolomide may be used as monotherapy or in association with whole brain radiation therapy for patients with brain melanoma metastases, increasing survival rates in these patients [25] . Additionally, for the treatment of unresectable brain metastases in malignant melanoma, temozolomide combined with radiotherapy may prolong survival compared with temozolomide without radiotherapy (9 vs 5 months, p=0.04) [25] . Boogerd et al. reported a stabilisation of brain metastasis in 11% of 52 advanced melanoma patients with small brain metastases (<2 cm) treated with temozolomide monotherapy, with a median time to neurologic progression of 7 months [26] .
The choice between temozolomide and dacarbazine depends essentially on the presence or absence of brain metastases. Common adverse effects include alopecia, lymphopenia, nausea, vomiting, headache, fatigue and constipation.
Antimicrotubular agents, platinum analogues and nitrosoureas
Antimicrotubular agents such as vindesine and vinblastine (vinca alkaloids) and paclitaxel (taxanes) have been reported to have modest activity in patients with metastatic melanoma, achieving 14% and 16-17% of responses in patients, respectively [27] [28] [29] [30] .
Quagliana et al. concluded from a Phase II study that vindesine does have activity in some patients with metastatic malignant melanoma, achieving complete remissions of greater than 12 months duration in 2.5% of patients and partial remission in 17.5% of patients [27] . However, 52.5% of patients had increasing disease [27] . Moreover, a Phase II trial of vinorelbine, a semi-synthetic vinca alkaloid, showed that it has poor activity in previously treated patients with disseminated melanoma [31] . Nathan et al. reported an overall response rate of 24% in a Phase II trial with paclitaxel as a 3-hour infusion on melanoma patients [32] . In addition, Rao et al. showed that the combination of paclitaxel and carboplatin appears to have clinical activity when used as a second-line therapy after temozolomide or dacarbazine, achieving an objective partial response and clinical benefit in 26% and 45% of the patients treated, respectively [33] .
A potential new drug is abraxane, an albumin-bound form of paclitaxel, already approved for breast cancer. Hersh et al. reported a median survival of 12.1 and 9.6 months, respectively, in a Phase II trial of 37 previously treated and chemotherapynaïve patients with metastatic melanoma [34] . Additionally, a Phase II trial of abraxane and carboplatin, achieved a median OS of 11.1 and 10.9 months in chemotherapy-naïve and previously treated patients, respectively [35] .
Carboplatin as a single agent has induced a 19% response rate in a Phase II trial with 26 patients with metastatic malignant melanoma [36] . However, this response rate is similar to that noted for other agents, and in vitro oxaliplatin, another platinum analogue, seems to be more effective than carboplatin or cisplatin against human melanoma cell lines [37] .
Nitrosoureas such as carmustine, lomustine and fotemustine induced objective responses ranging from 13 to 18% in patients with melanoma [15] . Fotemustine is probably the most active nitrosourea, with response rates between 20 and 25% [38] [39] [40] . Fotemustine appears to be a good candidate in the treatment of brain metastases because it is able to cross the blood-brain barrier [41, 42] .
Immunomodulatory agents
Interferon alfa (IFN-α)-2b
IFN-α-2b is approved by the FDA for adjuvant therapy of resected high-risk melanoma, with OS and recurrence-free survival rates at 5 years of 44% and 32%, respectively [43] . On the other hand, no significant improvement in PFS is reported for low and intermediate-dose IFN-α [43, 44] . In a systematic review of randomised controlled trials, Lens et al. reported median OS rates from 3.2 to 6% in patients treated with IFN-α [45] . High-dose IFN-α may improve relapse-free and OS rates [46, 47] but it is associated with toxicities such as fever, chills, fatigue, autoimmune events and reduced quality of life. Toxicity can be reduced with the use of pegylated IFN-α that is suggested to have similar efficacy in metastatic disease [48] .
IFN-α can be used alone or in regimens with IL-2 and/or chemotherapy, with more efficacy than single-agent chemotherapy. When combined with dacarbazine, it also has effects in tumour vasculature, regulating pericytes to inhibit tumour growth [49] .
Interleukin-2 (IL-2)
IL-2 is a lymphokine that stimulates T-cell proliferation and function. It was approved by the FDA in 1998 for the treatment of metastatic melanoma. High dose IL-2 seems to benefit some patients with metastatic melanoma, with complete and partial responses rates of 6% and 10%, respectively [50, 51] . More effective rates are associated with greater toxicities so many trials have been conducted to identify new ways to administer IL-2. Unfortunately, IL-2 regimens involving low-doses or subcutaneous administration produce lower response rates than regimens involving high-dose and IV administration [52] . Smith et al. reported that in patients with subcutaneous or cutaneous disease only, IL-2 with melanoma vaccine gp100:209-217(210M) [gp100] was associated with higher response rates than IL-2 alone [53] .
Chemotherapy in combination with IL-2 has been tested in several trials. Regimens including carmustine, cisplatin, dacarbazine, tamoxifen or vinblastine, with or without IL-2 or IL-2 associated with IFN-α achieved a response rate ranging from 23 to 32.5%, with an OS rate of between 4.6 and 11.3 months [20, [54] [55] [56] [57] . Quan et al. recently reported that famotidine may decrease IL-2 toxicity as it enhances lymphokine-activated killer cell activity, whilst maintaining activity against melanoma [58] .
Adoptive T-cell therapy (ACT) and cytolytic T-lymphocyte (CTL) response
Immunotherapeutic strategies using ACT appear to mount a powerful antitumour CTL response, provoking cell lysis by activation of the apoptotic machinery [59] . ACT can use either naturally-occurring or gene-engineered T cells to mediate tumour regression in patients with metastatic cancer [60] [61] [62] . Dudley et al. reported that host lympho-depletion followed by ACT and IL-2 results in objective response rates of 50 to 70% in patients with metastatic melanoma refractory to standard therapies [63] . ACT is a promising method of treating metastatic melanoma, achieving response rates between 49 and 72%, with median complete response rates from 18 to 75 months [64] [65] [66] . ACT is not possible in all patients and tumour cells often escape apoptotic pathways, enabling their survival despite CTL attack [67] . However, in testing bortezomib to sensitise melanoma cells towards adoptive CTL attack, Seeger et al. reported that bortezomib enhanced the susceptibility of melanoma cells toward redirected CTL attack and that tumour cell lysis was not due to the direct cytotoxic effects of bortezomib [68] .
Immunoregulatory monoclonal antibodies
Ipilimumab
Ipilimumab is a fully human monoclonal antibody (IgG1) that has been recently approved by the FDA for the treatment of metastatic melanoma. Melanoma is one of the most immunogenic tumours and ipilimumab blocks CTL-associated antigen 4 (CTLA-4), an immune checkpoint molecule that downregulates pathways of T-cell activation, and promotes antitumour immunity [69, 70] . In a Phase III study, Hodi et al. tested ipilimumab plus gp100, ipilimumab alone or gp100 alone in patients with metastatic melanoma, achieving a longer OS in patients receiving ipilimumab plus gp100 or ipilimumab alone (10.0 and 10.1 months, respectively, vs 6.4 months for gp100 alone) [71] . Ipilimumab also has an effect on brain metastases, with 24% of the patients in cohort A and 10% of the patients in cohort B achieving disease control (assessed with modified World Health Organization [WHO] criteria) [72] . Additionally, ipilimumab can be combined with dacarbazine, improving OS when compared with dacarbazine alone (11.2 vs 9.1 months) [73] . New trials are combining ipilimumab with radiotherapy, such as the RADVAX study, a stratified Phase I/II dose escalation trial of radiotherapy followed by ipilimumab (ClinicalTrials.gov Identifier: NCT01497808; this study is currently recruiting patients). However, one must be aware of the potential severe autoimmune side-effects of ipilimumab, as it leads to immune-related adverse events, including rashes, diarrhoea, hepatitis, pancreatitis and neuropathies [74] .
Tremelimumab
Tremelimumab is a fully human monoclonal antibody (IgG2) directed against the CTLA-4 receptor. Tremelimumab can be safely administered to humans as a single IV dose up to 15 mg/ kg [75] . Camacho et al. reported median survival rates of 10.3 and 11 months in a Phase I/II trial, using 10 mg/kg monthly and 15 mg/kg quarterly dose regimens, respectively [76] . Evaluating tremelimumab in comparison with standard dacarbazine or temozolomide chemotherapy in previously untreated patients, Ribas et al. reported a median OS of 11.8 months in the tremelimumab group and 10.7 months in the chemotherapy group. However, tremelimumab as a single agent failed to demonstrate an improvement in OS [77] . Tremelimumab was also tested in combination with IFN-α-2b achieving an OS of 21 months and a PFS of 6.4 months [78] .
Anti-PD-1
Programmed death-1 (PD-1) is a negative regulator of the immune system that causes immune tolerance through apoptosis of the activated lymphocyte responsible for the evasion of melanoma cells [79, 80] . In a Phase I study conducted by Brahmer et al., MDX-1106, a fully human immunoglobulin G4 monoclonal antibody anti-PD-1, demonstrated antitumour activity [81] . Moreover, it caused fewer immune-related adverse events than ipilimumab [81] . Topalian et al. reported that anti-PD-1 antibody produced objective responses in approximately 1-in-4 to 1-in-5 patients with melanoma [82] . To verify new possibilities, a dose-escalation study combining MDX-1106 and ipilimumab in subjects with unresectable Stage 3 or Stage 4 malignant melanoma is currently recruiting patients (ClinicalTrials.gov Identifier: NCT01024231).
Agonistic antibodies OX44 and anti CD137 (4-1BB)
Antigen-specific memory T cells (Tms) are essential in the immune surveillance of residual and metastatic tumours, and the activation of Tms can be achieved by the administration of agonistic anti-CD137 monoclonal antibody [83] [84] [85] . The antibodies anti-OX44 and anti-4-1BB have an agonist action on T-cell activation and in combination these antibodies have demonstrated a promising new therapy against melanoma [86] . A Phase I study in patients with advanced cancer (including 54 patients with melanoma) demonstrated that BMS-663513, a fully human anti-CD137 agonist monoclonal antibody, had clinical activity justifying its further evaluation both as a single agent and in combination therapy [87] . A study combining anti-CD137 and ipilimumab in patients with melanoma was designed but was subsequently withdrawn prior to enrolment (ClinicalTrials.gov Identifier: NCT00803374).
v-Raf murine sarcoma viral oncogene homologue B1 (BRAF) inhibitors
Non-selective BRAF inhibitors Sorafenib Rapidly accelerated fibrosarcoma (RAF) is a proto-oncogene, and BRAF somatic missense mutations have been identified in 66% of malignant melanomas analysed [88] [89] [90] . Moreover, up to 82% of benign nevi have been shown to possess activating BRAF mutations, suggesting that activation of the mitogen-activated protein kinase (MAPK) pathway is necessary for melanoma development but not sufficient for malignant transformation [91] . BRAF mutations and subsequent MAPK cascade activation have an oncogenic role in melanoma development, making BRAF inhibition a potential target for new therapies.
Sorafenib (BAY 43-9006) is a RAF tyrosine kinase inhibitor that also targets vascular endothelial growth factor receptor (VEGFR) and platelet-derived growth factor receptor (PDGFR). Sorafenib has been shown to inhibit MAPK pathway in vitro and in vivo [92] . As an inhibitor of the VEGFR, PDGFR and MAPK pathways, sorafenib may inhibit tumour growth by a dual mechanism, acting directly on the tumour and/or on tumour angiogenesis [93] . As a single-agent, sorafenib is well tolerated but it has not shown significant antitumour activity in advanced melanoma patients [94] . Neither has the addition of sorafenib to carboplatin and paclitaxel improved response rates and PFS [95] . However, sorafenib in combination with dacarbazine resulted in a significant improvement in PFS in patients with advanced melanoma [96] . Additionally, preliminary Phase II study results demonstrated that sorafenib in combination with temozolomide has antitumour activity, with an overall response rate of 24% [97] .
Studies are currently being conducted to confirm the efficacy of sorafenib combined with new drugs for the treatment of melanoma: i) a Phase I/II study combining sorafenib and temsirolimus has been conducted but the results have not yet been reported (ClinicalTrials.gov Identifier: NCT00349206); ii) a Phase I trial combining riluzole and sorafenib is currently recruiting participants (ClinicalTrials.gov Identifier: NCT01303341); iii) a randomised Phase II trial combining sorafenib with either temsirolimus or tipifarnib is ongoing but not recruiting participants (ClinicalTrials.gov Identifier: NCT00281957); and iv) an expanded cohort trial of bortezomib and sorafenib is currently recruiting participants (ClinicalTrials.gov Identifier: NCT01078961).
RAF265
RAF265 is a small molecular inhibitor of mutant BRAF V600E and VEGFR-2, which can be taken orally, causing dose dependent inhibition of tumour growth [98, 99] . In the first-in-human Phase I study of RAF265, overall response rates were 16% in mutant BRAF patients and 13% in BRAF WT patients [100] . Additionally, Su et al. showed that RAF265 inhibits the growth of advanced human melanoma tumours -41% of tumours implanted in mice responded to RAF265 treatment with more than 50% reduction in tumour growth [101] . However, more studies are needed to confirm the efficacy and safety of RAF265 and a study is already ongoing, although not recruiting participants (ClinicalTrials.gov Identifier: NCT00304525).
Selective BRAF inhibitors
Vemurafenib Vemurafenib is an oral, reversible and selective inhibitor of BRAF V600E [102] that is approved by the FDA for the treatment of patients with nonresectable or metastatic melanoma.
Vemurafenib was first evaluated by Flaherty et al. in a Phase I study (BRIM-1). Amongst the 32 patients with the BRAF V600E mutation, 24 (75%) had a partial response and 2 (6.25%) had a complete response, with a median PFS amongst all patients of more than 7 months [103] . A Phase II study (BRIM-2) in 132 patients with BRAF V600E mutation subsequently showed an overall response rate of 53% (6% of patients achieved a complete response and 47% a partial response) [104] . The Phase III study (BRIM- [105] . At 6 months, OS was 84% in the vemurafenib arm compared with 64% in the dacarbazine arm and the median PFS was 5.3 months with vemurafenib compared with 1.6 months with dacarbazine [105] . The overall response rate was also 53% and the PFS was 6.8 months in a Phase II trial in patients with previously treated BRAF V600E mutant metastatic melanoma [106] .
The most common adverse events of vemurafenib were arthralgia, rash, photosensitivity, diarrhoea, mild-to-moderate nausea, fatigue and alopecia [105, 106] .
Vemurafenib also has activity in brain metastases in patients with BRAF V600E mutation melanoma, correlated with extra-cranial tumour response [107, 108] . Although vemurafenib is associated with a relative risk reduction of 63% in the risk of death and 74% in the risk of death or disease progression compared with dacarbazine [109] , resistance to BRAF inhibition has already been observed [110] . Melanomas avoid BRAF inhibition through receptor tyrosine kinase (RTK)-mediated activation of an alternative survival pathway or activated RAS-mediated reactivation of the MAPK pathway [111] . However, combinations of BRAF/mitogenactivated protein kinase kinase (MEK)/extracellular signal-regulated kinase (ERK) inhibitors may potentially attenuate the problem [110, 112] .
Dabrafenib (GSK2118436)
Dabrafenib (GSK2118436) is a selective inhibitor of mutant BRAF. In a Phase I/II study Kefford et al. reported response rates around 60% in patients with mutated BRAF melanoma [113] . Additionally, a Phase III trial concluded that dabrafenib improved PFS when compared with dacarbazine (median PFS 5.1 vs 2.7 months, respectively) [114] .
Dabrafenib also has activity against brain metastases as it leads to reduction in the size of brain lesions [115, 116] . One of the problems of selective BRAF inhibitors is the resistance acquired to treatment. Clinical trials combining BRAF, MEK and PI3K/mTOR inhibitors are ongoing or planned to overcome this issue [117] .
Side-effects of dabrafenib are very similar to those observed with vemurafenib, although dabrafenib is also associated with induction of keratinocytic proliferation [118] .
Mitogen-activated protein kinase (MEK) inhibitors
MEK is a member of the MAPK signalling cascade that is commonly activated in melanoma [119] . These mutations render melanoma cells independent of the normal RTK-mediated pathway regulation and constitutively drive melanoma cells to oncogenic proliferation and survival [67] . Direct inhibition of MEK may therefore block cell proliferation and induce apoptosis.
Kirkwood et al. carried out a Phase II, open-label, multicentre, randomised, parallel-group trial, comparing the MEK1/2 inhibitor, selumetinib, with temozolomide, and reported no significant difference in PFS between patients with unresectable Stage 3/4 cutaneous melanoma unselected for BRAF/neuroblastoma RAS viral oncogene homologue (NRAS) mutations [120] . However, selumetinib combined with standard chemotherapeutic agents resulted in enhanced tumour growth inhibition in human tumour xenograft models [121] . Moreover, combination of selumetinib and Rous sarcoma oncogene (SRC) kinase inhibitor saracatinib suppressed melanoma cell growth and invasion [122] .
Trametinib is a reversible and selective MEK1 and MEK2 inhibitor that has activity against melanoma. Following a Phase I dose-escalation trial of trametinib in patients with advanced melanoma, Falchook et al. reported a 33% response rate and a median PFS of 5.7 months [123] . Trametinib also improved rates of PFS and OS when compared with chemotherapy (PFS 4.8 vs 1.5 months and OS at 6 months 81% vs 67% in the trametinib and chemotherapy groups, respectively) [124] .
Many new MEK inhibitors are being developed. Von Euw et al. reported that the MEK inhibitor TAK733 has antitumour properties in cutaneous and uveal melanoma cell lines with different oncogenic mutations [125] . Inhibition of the MEK pathway seems to be promising in the treatment of melanoma, although more studies are needed.
Antiangiogenic therapy
Bevacizumab
Angiogenesis is essential to tumour growth and VEGF plays an important role in angiogenesis, regulating the proliferation and migration of endothelial cells. Bevacizumab is a humanised monoclonal antibody that inhibits vascular endothelial growth factor-A (VEGF-A). Rationally, blocking angiogenesis would be expected to enhance tumour inhibition, so recently bevacizumab and other anti-angiogenic agents have been tested in melanoma.
In a Phase II trial combining bevacizumab with dacarbazine and daily low-dose IFN-α-2a, Vihinen et al. reported a response rate of 23% but the regimen was associated with remarkable vascular events [126] . Moreover, Grignol et al. reported a clinical response in 24% and stabilisation of disease in 20% of patients with metastatic melanoma in a Phase II trial of bevacizumab and high-dose IFN-α-2b [127] .
Bevacizumab in combination with carboplatin plus paclitaxel does not appear to improve PFS in patients with untreated advanced melanoma [128] . However, von Moos et al. reported promising activity of bevacizumab in combination with temozolomide, with a median PFS and OS of 4.2 and 9.6 months, respectively [129] .
Bevacizumab may be useful in the treatment of American Joint Committee on Cancer (AJCC) Stage 3 patients after therapeutic lymph node dissection [130] . New studies are needed to confirm if bevacizumab has activity when combined with new agents such as ipilimumab.
Axitinib
Axitinib is an oral tyrosine kinase inhibitor against the vascular epithelial growth factor receptors (VEGFR)-1, VEGFR-2, VEGFR-3 and PDGFR [131, 132] . Fruehauf et al. reported that in a Phase II trial axitinib was well tolerated and had single-agent activity in metastatic melanoma, achieving a response rate of 18.8% and a 6-month PFS of 33.9% [133] . Axitinib plus a specific peptide-based vaccine has also been shown to enhance antitumour efficacy [134] . Further investigation of this new drug is needed, and a two-arm trial of axitinib and carboplatin/paclitaxel is currently recruiting participants (ClinicalTrials.gov Identifier: NCT01174238).
Lenvatinib (E7080)
Lenvatinib (E7080) is a multi-targeted tyrosine kinase inhibitor against VEGFR, PDGFR and fibroblast growth factor receptor (FGFR) [135] . It has been shown to inhibit tumour angiogenesis [135] and so can be useful in melanoma treatment. Boss et al. reported a Phase I study of lenvatinib in patients with advanced solid tumours in which 46% of the patients had stable disease as best response [136] . A Phase I/ Ib, multicentre, open-label, dose escalation study of lenvatinib in patients with advanced and/or metastatic melanoma has been completed but no results have been published yet (ClinicalTrials.gov Identifier: NCT00121680). Additionally, a Phase Ib/II study of lenvatinib in combination with dacarbazine compared with dacarbazine alone as first line therapy in patients with Stage 4 melanoma is ongoing but not recruiting participants (ClinicalTrials.gov Identifier: NCT01133977). These trials will help to evaluate the possible role of lenvatinib in the treatment of melanoma.
Etaracizumab (MEDI-522)
Etaracizumab (MEDI-522) is a monoclonal antibody against alphavbeta3, an important molecule for tumour-induced angiogenesis that is upregulated in metastatic melanoma [137] . In a randomised Phase II study of etaracizumab with or without dacarbazine in patients with Stage 4 metastatic melanoma, the median OS was 12.6 months for the etaracizumab group and 9.4 months for the etaracizumab plus dacarbazine group [138] . However, more studies are needed to evaluate the use of etaracizumab in melanoma.
Anti-B-cell lymphoma (BCL)2 antisense oligonucleotide
Oblimersen
Oblimersen is an anti-B-cell lymphoma (BCL) 2 antisense oligonucleotide. An antisense drug is a short sequence of RNA which hybridises with and inactivates mRNA, preventing the protein formation. As expression of BCL2 has been associated with chemoresistance by malignant melanoma cells, downregulation of BCL2 by oblimersen may offer a new approach to the treatment of melanoma [139] . In fact, compared with dacarbazine alone, oblimersen plus dacarbazine significantly improved PFS (1.6 vs 2.6 months, respectively) and overall response (7.5 vs 13.5%, respectively) in patients with advanced melanoma [140] . Moreover, electroporation may optimise the response of melanoma to chemotherapy, as it has shown to improve the delivery of oblimersen within tumour cells in vivo in a human melanoma xenograft [141] .
Proteasome inhibitors
Bortezomib
Bortezomib is a tripeptide that binds the catalytic site of the 26S proteasome with high specificity and affinity, inhibiting proteasome activity [67] . Proteasome inhibitors may represent a new treatment option for melanoma as they block the nuclear factor kappa-light-chain-enhancer of the activated B cells (NF-κB) pathway, inhibiting tumour cell proliferation and sensitising them to chemotherapy [142] .
Amiri et al. reported impressive results with temozolomide combined with bortezomib in an human melanoma xenograft model [143] . Moreover, in a Phase I trial of bortezomib with temozolide in patients with advanced melanoma (3 patients with primary ocular melanoma and 16 patients with primary cutaneous melanoma), Su et al. observed inhibition of proteasome activity in peripheral blood mononuclear cells [144] . However, inhibition was for a limited time period only and effects on NF-κB activation were not consistent.
Bortezomib has also been tested in combination with paclitaxel and carboplatin in patients with metastatic melanoma, although this combination was of limited clinical benefit and was associated with significant toxicity [145] . Nevertheless, new agents may enhance bortezomib activity. Sunitinib arrests growth and sensitises melanoma cells to bortezomib, so combining sunitinib with bortezomib may provide therapeutic benefit [146] . Further studies of bortezomib are needed to evaluate the potential of this drug.
Mechanistic target of rapamycin (mTOR) inhibitors
Mechanistic target or rapamycin (mTOR) is a serine/threonine kinase downstream of protein kinase B (AKT) [147] (the major downstream effector of the phosphatidylinositol-3-kinase [PI3K] pathway) that modulates protein synthesis, angiogenesis and cell cycle progression [148, 149] . As mTOR is important for tumour growth. mTOR inhibitors are plausible agents for the treatment of melanoma.
Everolimus and temsirolimus
Everolimus is an mTOR inhibitor. In a Phase II trial of everolimus in metastatic melanoma, 7 (35%) of the 20 patients had stable disease at 16 weeks, with a PFS of 3 months [150] . Everolimus combined with bevacizumab has been shown to have moderate activity and be well tolerated in the treatment of patients with metastatic melanoma [151] . Moreover, everolimus and vatalanib (a pan-VEGFR tyrosine kinase inhibitor) in combination have additive effects, increasing anti-tumour activity in the orthotopic BL16/BL6 murine melanoma model compared to either drug monotherapy, without increasing toxicity [152] . Daily everolimus plus low-dose weekly cisplatin also has anti-tumour activity in several tumour types, including melanoma [153] .
However, in a Phase II study of the mTOR inhibitor, temsirolimus, only 1 of the 33 patients with metastatic melanoma had a partial response lasting 2 months; the median time to disease progression and OS were 10 weeks and 5 months, respectively [154] . Moreover, in a Phase I study in patients with metastatic melanoma, temsirolimus combined with sorafenib resulted in significant toxicity at higher dose levels, did not have any clinical benefit in genetically unselected patients and did not inhibit P-extracellular signal-regulated kinase (P-ERK) [155] . Additionally, in a Phase II study of temsirolimus in combination with sorafenib in patients with untreated metastatic melanoma, only 3 (4.8%) of the 63 patients achieved partial response [156] .
Targeting v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog (c-KIT or CD117)
c-KIT or CD117 encodes a receptor tyrosine kinase whose ligand is stem cell factor (SCF or KIT ligand). c-KIT signalling is important for melanocyte development, differentiation, proliferation, survival and migration [157, 158] . Mutations in c-KIT in melanoma have been reported [159] . Curtin et al. reported somatic activation of c-KIT in 39% of mucosal, 36% of acral and 28% of melanomas on chronically sun-damaged skin [160] . Because of its potentially important role in melanoma oncogenesis, c-KIT may be an effective target in the treatment of melanoma.
Imatinib
Imatinib is a receptor tyrosine kinase inhibitor against Abelson proto-oncogene-breakpoint cluster region (BCR-ABL), c-KIT and PDGFR. In a Phase II trial of imatinib, 28 of the 295 patients with melanoma screened for the presence of c-KIT mutations and amplifications were treated with imatinib. The overall durable response rate was 16%, with a median time to progression of 12 weeks and a median OS of 46.3 weeks [161] . In another Phase II study of imatinib in patients with metastatic melanoma and c-KIT mutations or amplification, the overall response rate was 23.3% [162] .
Imatinib seems to have clinical benefit in a subset of patients who have c-KIT mutation or amplification. However, more studies are needed to confirm if imatinib is a viable treatment for such patients.
Sunitinib
Sunitinib is an oral, small molecule, multi-targeted receptor tyrosine kinase inhibitor against PDGFR, VEGFR and c-KIT. Minor et al. reported one complete remission for 15 months and two partial responses in the four evaluable patients with c-KIT mutations, and one partial response in the six patients with either c-KIT amplification or overexpression, concluding that sunitinib may have activity in patients with melanoma and c-KIT mutations [163] . Moreover, a strategy combining sunitinib and bortezomib has shown therapeutic benefits [146] . 
Discussion
Melanoma is the fifth and seventh leading cause of cancer deaths in males and females, respectively, in the USA [164] .
There are 4 drugs currently approved by the FDA for the treatment of melanoma: dacarbazine, IL-2, ipilimumab and vemurafenib. Ipilimumab and vemurafenib were approved in 2011 and have raised many hopes in melanoma treatment. However, they have many limitations and their side effects have limited their use and redirected investigations towards new targets.
Dacarbazine, one of the oldest available drugs (approved in 1975), remains the gold standard in chemotherapy, achieving complete responses in 2.7-4.1% of the patients (Table  1) . Combining dacarbazine or other chemotherapy agents with new pharmacological agents may represent a new way to achieve better responses in patients with metastatic melanoma. For example, high doses of IL-2 can be effective but are associated with greater toxicity. However, new data suggest that the addition of famotidine to IL-2 may decrease its toxicity as it enhances lymphokine-activated killer cell activity, whilst maintaining its activity against melanoma [58] . The CTL response is another example of the beneficial effects brought by the addition of new drugs. Although it represents a promising option for the treatment of metastatic melanoma, it is not a feasible treatment for all patients as tumour cells often escape CTL attack. However, new studies have shown that the addition of bortezomib can enhance the susceptibility of melanoma cells toward redirected CTL attack [67, 68] . Currently, ipilimumab is the most promising drug. Although it has effective response rates, its use is limited by the severe and fatal immune-related adverse reactions. However, adverse reactions can now be managed by protocol-specific guidelines, including administration of systemic corticoids and/or dose interruption/ discontinuation.
Understanding oncogenesis, growth, proliferation, survival and migration pathways of melanoma cells has provided both new targets and insights in melanoma therapy. In fact, current advances in the knowledge of melanoma oncogenesis may represent our best hope to tackle melanoma. Vemurafenib is one of the best examples in this field. It is a new possibility in patients with BRAF V600E mutations, with excellent response and survival rates. However, resistance to vemurafenib has been described. New insights in molecular knowledge and combinations of drugs like BRAF/MEK/ERK inhibitors may attenuate the problem.
Despite all the efforts made to develop new drugs, few of them have demonstrated clinical benefits. Several of them have activity in vitro or in animal models, but they achieve poor response and survival rates when they are tested in clinical trials. In the next years this problem will likely be overcome with better understanding of the suitability of patients for the different therapies.
There are some limitations to comparing clinical trials and different approaches to melanoma. The heterogeneity of the populations enrolled in the studies, the different approaches to treatment and the different types and localisations of melanoma included in the trials made it impossible to compare some studies. The absence of clinical trials comparing new treatment options with some of the older and established treatment options made evaluation even more difficult.
New studies must be conducted ( Abbreviations BCDT, carmustine, cisplatin, dacarbazine, tamoxifen and interleukin-2; BOLD, bleomycin, vincristine, lomustine and dacarbazine; CR, complete response; CVD, cisplatin, vinblastine and dacarbazine; G-CSF, granulocyte-colony stimulating factor; HR, hazard ratio; IFN-α, interferon-alfa; IL-2, interleukin-2; OS, overall survival; PFS, progression-free survival; PR, partial response doi: 10.7573/dic.212242.t001 
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